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(57) ABSTRACT 

A semiconductor device comprised of a substantially con 
formal layer of titanium silicon oxide deposited on a semi 
conductor substrate. The layer of titanium silicon oxide is 
substantially free of chlorine related impurities. The layer of 
titanium silicon oxide may have a ratio of silicon to titanium 
from about 0.1 to about 1.9. The layer of titanium silicon 
oxide may have a dielectric constant from about 10 to about 

30, and a thickness from about 15 angstroms to about 500 
angstroms. 

7 Claims, 2 Drawing Sheets 

100 

160 155 



U.S. Patent Jan. 6, 2004 Sheet 1 0f 2 US 6,674,169 B2 

48 50 

I 
I 
a 
a 
I 
l 
| 
I 
| 
I 

:_ 
15 

Illllllll'l 

1| /54 

Hr“ 

60 

58 

1 FIG. 



U.S. Patent Jan. 6, 2004 Sheet 2 0f 2 US 6,674,169 B2 

100 

~\\\\\\\ 
\\\\\\~. \ \ \ \ \\ 
\\\\\\\\ 

105 "o 1:55 160 155 

FIG. 2 



US 6,674,169 B2 
1 

SEMICONDUCTOR DEVICE WITH 
TITANIUM SILICON OXIDE LAYER 

This application is a divisional of application Ser. No. 
08/660,059 ?led May 31, 1996 now US. Pat. No. 6,313,035. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to semiconductor pro 

cessing and, more speci?cally, to chemical vapor deposition 
processes for semiconductors. In particular, this invention 
relates to chemical vapor deposition of dielectric and other 
materials using organometallic precursors. 

2. Description of the Related Art 
With reduction in semiconductor device siZes and a 

corresponding increase in circuit complexity, the need has 
groWn for reliable dielectric materials having high dielectric 
constants. Traditionally, silicon-based dielectrics, such as 
silicon dioxide (SiO2) and silicon nitride (Si3N4), have been 
used to form insulating layers in semiconductor devices, 
including dynamic random access memory chips (DRAMs). 
These silicon-based materials have been popular because 
they exhibit loW current leakage and a high resistance to 
breakdoWn. HoWever, these materials may not possess 
dielectric constants that are suf?ciently high to meet the 
design requirements for more advanced semiconductor 
devices. 

To meet the need for insulating material having a high 
dielectric constant, various alternatives to silicon-based 
dielectric materials have been suggested. HoWever, these 
alternatives have not proved satisfactory due to shortcom 
ings of one kind or another. For example, titanium dioxide 
(TiO2) has a high dielectric constant but also has a relatively 
high current leakage compared to SiO2 and Si3N4. 
Consequently, TiO2 is typically unsuitable for use in high 
density semiconductor devices due to the adverse effects of 
current leakage. 

Recently, mixed phase TiO2 and SiO2 has been deposited 
from titanium tetrachloride (TiCl4), silane (SiH4) and nitrous 
oxide (N20) using a plasma chemical vapor deposition 
(plasma CVD) technique. The object of this technique is to 
create a dielectric ?lm having a relatively high dielectric 
constant as compared to SiO2 and a relatively loW current 
leakage as compared to TiO2. HoWever, this method has 
several draWbacks and fails to provide a satisfactory dielec 
tric insulating layer for high density semiconductor devices. 
The use of TiCl4 as a titanium source results in the formation 
of chlorine related impurities in the dielectric ?lm. These 
impurities are undesirable because chlorine has many 
adverse qualities, including being an etchant to SiO2, as Well 
as being corrosive. In addition, the use of plasma CVD limits 
the range of applications for Which this dielectric material 
may be used. Although plasma CVD methods may be 
employed at loWer temperatures than traditional non-plasma 
methods, they typically produce poor step coverage When 
used to coat high aspect ratio devices. Therefore, this 
method does not reliably produce conformal ?lms and thus, 
is not typically suitable for use in manufacturing modem 
high aspect ratio devices, such as DRAMs. The use of 
plasma deposition techniques is also knoWn to create dam 
age centers Which induce high leakage in deposited dielec 
tric ?lms. Plasma processes also tend to incorporate hydro 
gen and other contaminants into the ?lm, thereby further 
degrading quality and performance of semiconductor 
devices. 

In other recently developed methods, organometallic pre 
cursors have been used in metal organic chemical vapor 
deposition (MOCVD) processes to deposit conductive 
layers, such as TiN and mixtures of TiSi2. In the conductor 
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2 
deposition processes, a liquid organometallic precursor is 
typically vaporiZed and carried into the reactor using a 
carrier gas. In the reactor the precursor reacts With another 
gaseous component, such as SiH4, nitrogen ?uoride (NF3), 
or ammonia (NH3), to form conductive ?lms on semicon 
ductor surfaces. HoWever, MOCVD processes have not been 
used for depositing multi-component oxide materials such as 
mixed phase titanium silicon oxide dielectrics. 

SUMMARY OF THE INVENTION 

This invention, in one respect, relates to a method of 
depositing a multi-component oxide layer on a semiconduc 
tor substrate by exposing the semiconductor substrate to 
gaseous organometallic precursor and a reactive gas under 
conditions effective to cause the gaseous organometallic 
precursor and reactive gas to combine and deposit a multi 
component oxide layer on the semiconductor substrate. 

In another respect, this invention relates to a method of 
depositing a layer of titanium silicon oxide on a semicon 
ductor substrate by exposing the semiconductor substrate to 
gaseous titanium organometallic precursor and reactive 
silane-based gas under conditions effective to cause the 
gaseous titanium organometallic precursor and reactive 
silane-based gas to combine and deposit a layer of titanium 
silicon oxide on the semiconductor substrate. 

In another respect, this invention relates to a method of 
depositing a layer of titanium silicon oxide on a semicon 
ductor substrate by exposing it to gaseous titanium organo 
metallic precursor, reactive silane-based gas, and gaseous 
oxidant under conditions effective to deposit a layer of 
titanium silicon oxide on the semiconductor substrate. 

In another respect, this invention relates to a method of 
depositing a layer of titanium silicon oxide on a semicon 
ductor substrate. The method comprises the steps of posi 
tioning the semiconductor substrate Within a semiconductor 
processing chamber, and introducing gaseous reactants 
including titanium organometallic precursor, reactive silane 
based gas and gaseous oxidant into the semiconductor 
processing chamber under conditions effective to cause the 
gaseous reactants to deposit a layer of titanium silicon oxide 
on the semiconductor substrate. 

In another respect, this invention relates to a semicon 
ductor device comprising a semiconductor substrate and a 
titanium silicon oxide dielectric ?lm formed on the sub 
strate. The ?lm may be formed on the semiconductor 
substrate by exposing the semiconductor substrate to gas 
eous titanium organometallic precursor, reactive silane 
based gas, and gaseous oxidant under conditions effective to 
cause the gaseous titanium organometallic precursor, reac 
tive silane-based gas and gaseous oxidant to combine and 
deposit a layer of titanium silicon oxide on the semiconduc 
tor substrate. 

In another respect, this invention relates to a method of 
depositing a multi-component layer comprising tWo or more 
nitrides on a semiconductor substrate by exposing the semi 
conductor substrate to gaseous organometallic precursor and 
reactive gas under conditions effective to cause the gaseous 
organometallic precursor and reactive gas to combine and 
deposit a multi-component layer on the semiconductor sub 
strate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic process How diagram of a cold Wall, 
chemical vapor deposition system Which may be used in one 
embodiment of the process according to the disclosed 
method. 

FIG. 2 is a cross-sectional representation of a layer of 
titanium silicon oxide being deposited on a semiconductor 
substrate to form a DRAM capacitor layer. 
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DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

As used herein, the term “substrate” refers to any semi 
conductor substrate, such as, for example, a semiconductor 
Wafer substrate of silicon or GaAs. It Will be understood by 
those skilled in the art that the term “substrate” may include 
either a semiconductor Wafer or the Wafer along With various 
process layers formed on the Wafer. The term “metals” is 
de?ned to include metals, refractory metals, intermetallics or 
combinations thereof. The term “?lm” may be used inter 
changeably With the term “layer”. 

In embodiments of the disclosed method, highly reactive 
organic sources of metal may be used to deposit conformal 
multi-component ?lms, including multi-component oxide 
?lms and multi-component nitride ?lms, on semiconductor 
surfaces. Deposited ?lms may include mixed phase dielec 
tric and conductive ?lms. By “multi-component ?lm” it is 
mean that a ?lm is comprised of at least one dielectric and/or 
conductive compound in combination With another material. 
Examples of such multi-component ?lms include, but are 
not limited to, ?lms containing a mixture of tWo or more 
nitride compounds, such as dielectric mixtures of silicon 
nitride and aluminum nitride, conductive mixtures of tanta 
lum nitride and titanium nitride, or conductive mixtures of 
tantalum nitride, titanium nitride and Zirconium nitride, or 
other combinations of these and other nitrides. Films con 
taining at least one nitride mixed With other materials are 
also possible. 

Multi-component ?lms also include multi-component 
oxide ?lms. By “multi-component oxide ?lm” it is meant 
that a ?lm is comprised of at least one dielectric or conduc 
tive oxide compound in combination With another material. 
Examples of such multi-component oxide ?lms include, but 
are not limited to, ?lms containing more than one oxide 
compound or ?lms containing a mixture of oxide and nitride 
compounds. These ?lms may be deposited using more than 
one organometallic precursor, or by using an organometallic 
precursor and other reactive gases, such as a reactive silane 
based gas and/or a gaseous oxidant. In the practice of this 
disclosed method, it is typical that deposition of these ?lms 
occur at loW temperatures and in the absence of plasma to 
activate deposition. HoWever, those skilled in the art Will 
recogniZe that bene?ts of the disclosed method may also be 
obtained at higher process temperatures and by using 
plasma. 

In one embodiment of the disclosed method a titanium 
silicon oxide dielectric ?lm is deposited by exposing a 
semiconductor device to quantities of gaseous reactants, 
including gaseous titanium organometallic precursor, reac 
tive silane-based gas, and gaseous oxidant. A carrier gas is 
optional, but advantageously used to transport the organo 
metallic precursor and to control deposition characteristics. 
The disclosed method offers advantages over methods pre 
viously employed to deposit titanium silicon oxide dielectric 
layers by eliminating the need for plasma and titanium 
tetrachloride precursor, therefore providing a substantially 
more production Worthy process. Advantages of the dis 
closed method may include providing deposited titanium 
silicon oxide layers With essentially no high leakage damage 
centers and substantially no chlorine and/or hydrogen 
related impurities. Other advantages may include providing 
good step coverage of high aspect ratio devices at relatively 
loW temperatures. 

Although titanium silicon oxide is deposited in one 
embodiment, other multi-component oxide ?lms may be 
deposited using different gaseous reactants. These other 
?lms include, but are not limited to, dielectric ?lms such as 
tantalum silicon oxide, mixtures of titanium oxide and 
silicon nitride, mixtures of aluminum oxide and silicon 
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oxide, mixtures of aluminum oxide, silicon oxide and tita 
nium oxide and other combinations of these and other 
compounds. Also included are conductive ?lms including a 
ruthenium oxide component, such as mixtures of titanium 
nitride and ruthenium oxide. During deposition, energy is 
supplied to a semiconductor substrate to cause a reactive 
deposition to take place, resulting in deposition of mixed 
phase metal silicon oxide onto the substrate surface. The 
process may be-carried out in any semiconductor processing 
chamber or other environment knoWn to the art that is 
suitable for depositing thin ?lms on semiconductor sub 
strates from organometallic precursors. For example, com 
mercially available deposition equipment from suppliers 
such as Applied Materials, Novellus and/or Genus may be 
utiliZed. Particular models of such equipment include 
Applied Materials 5000D, Novellus Concept I and Genus 
8700. 

In the practice of the disclosed method, a variety of 
organometallic precursors may be utiliZed. Organometallic 
compounds contain a central or linking atom or ion (such as 
Ti) combined by coordinate bonds With a de?nite number of 
surrounding ligands, groups or molecules, With at least one 
of Which is organic. As used herein, the term “organome 
tallic” includes organometallic compounds having a central 
atom bonded to at least one carbon atom of a ligand, as Well 
as “metal-organic” compounds having a central atom 
bonded directly to atoms other than carbon in a ligand. 
Precursor compositions, as Well as methods and apparatus 
that use such precursors, may be found in US. Pat. Nos. 
5,384,289, 5,273,783, 5,227,334, 5,278,100, 5,252,518 and 
5,254,499, the disclosures of Which are expressly incorpo 
rated by reference herein. 

In one embodiment of the disclosed method, titanium 
organometallic precursors of the formula Ti(NR2)4 may be 
used, Where R is selected from the group consisting of H and 
a carbon containing radical, such as an alkyl. Speci?c 
examples of suitable titanium precursors include tetrakis 
dimethyl aminotitanium [Ti(N(CH3)2)4] (TDMAT) and tet 
rakisdiethylamino titanium [Ti(N(C2H5)2)4] (TDEAT). 
Other suitable titanium precursors include bis (2,4-dimethyl 
1,3-pentadienyl) titanium (BDPT), cyclopentadienylcyclo 
heptatrienyltitanium (CpTiCht) and biscyclopentadienyltita 
nium diaZide (Cp2Ti(N3)2). TDMAT is the typically used 
titanium precursor. Organometallic precursors, such as 
TDMAT, are typically liquid and may be vaporiZed for the 
CVD reaction. In other cases the organometallic precursor 
may be a solid Which is sublimed to a vapor for reaction in 
the CVD chamber, such as bis[ethene 1,2(N,N‘-dimethyl) 
diamide] titanium (IV), dicyclooctatetraenetitanium, and 
tri(cyclooctatetraene) dititanium. In the practice of the dis 
closed method, a carrier gas, reactive gas or mixtures thereof 
may optionally be utiliZed to assist in vaporiZation and/or 
transportation of an organometallic precursor. 

Because titanium organometallic precursors are used as a 
Ti source rather than titanium tetrachloride, the disclosed 
method offers the advantage of depositing titanium silicon 
oxide layers that are substantially free of chlorine related 
impurities When non-chlorine containing silane reactive 
gases are used. 

Organometallic precursors having oxygen atoms may also 
be successfully employed Without the need for a gaseous 
oxidant. HoWever, a gaseous oxidant may be employed With 
these precursors, if desired. Examples of such titanium 
organometallic precursors containing oxygen atoms include, 
but are not limited to, titanium ethoxide and titanium tetra 
i-propoxide [Ti(O-i-C3H7)4]. Furthermore, although a tita 
nium organometallic precursor is used in this embodiment, 
other organometallic precursors may be successfully 
employed to form other types of ?lms. Examples of non 
titanium organometallic precursors include aluminum 
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precursors, such as tri-isobutyl aluminum (TIBA), Which 
may be used to deposit aluminum-containing ?lms. Tanta 
lum organometallic precursors, such as pentakisdimethyl 
aminotantalum [Ta(N(CH3)2)5] and pentaethoxy tantalum 
[Ta(OC2H5)5], may be used to deposit ?lms containing 
tantalum. For example, pentaethoxy tantalum may be used 
in the formation of tantalum silicon oxide ?lms, and may 
also be used Without the presence of a gaseous oxidant if 
desired. 

Suitable reactive silane-based gases include silane (SiH4), 
disilane (Si2H6) and other silane-based gases, such as halosi 
lanes and organosilanes. Acceptable organosilanes include 
trimethylsilane and triethylsilane. Acceptable halosilanes 
include monohalogentated or polyhaogenated silanes, such 
as ?uorosilanes, bromosilanes, iodosilanes, and chlorosi 
lanes. Speci?c chlorosilanes include chlorosilane, 
dichlorosilane, trichlorosilane and silicon tetrachloride. 
Suitable reactive silane-based gases may also include those 
having oxygen atoms, such as tetraoxysilane (TEOS), and 
these may be successfully employed in the absence or 
presence of a gaseous oxidant. Examples of reactive silane 
based gases that may be used to form multi-component 
oxide/nitride ?lms include those containing nitrogen atoms, 
such as tris(dimethyl amino) silane, Which may be employed 
With a titanium organometallic precursor to form a titanium 
oxide/silicon nitride dielectric ?lm. In the present 
embodiment, silane (SiH4) is the typically used reactive 
silane-based gas. 

In the present embodiment, the typical gaseous oxidant is 
02. HoWever, any other gaseous oxidant containing oxygen 
Would be suitable, for example, oZone (O3), nitrous oxide 
(N20), nitrous dioxide (N02), or high temperature mixtures 
of oxygen and Water vapor or oxygen and hydrogen. The 
carrier gas may be selected from any noble or nonreactive 
inert gas, such as helium, argon or nitrogen, or alternatively 
may be a reactant gas, such as a gaseous oxidant, hydrogen 
or other reactive gas. Typically the carrier gas is argon. 

In the practice of the disclosed method, desired Ti/Si 
ratios and dielectric constants may be imparted into depos 
ited ?lms by controlling quantities of different gases used in 
the process. For example, by adjusting ?oW rates of titanium 
organometallic precursor and reactive silane-based gas, the 
dielectric constant and current leakage of a titanium silicon 
oxide ?lm may be controlled to fall anyWhere Within a range 
betWeen that of pure SiO2 (dielectric constant of about 4), 
and pure TiO2 (dielectric constant of about 80—100). 

In the embodiment, the reaction to deposit titanium sili 
con oxide from TDMAT, silicone and oxygen proceeds as 
folloWs: 

Where x is from about 0 to about 1, y is from about 0 to about 
1, and Z is from about 0.5 to about 2. In this embodiment, 
byproducts that are formed are substantially removed by the 
carrier in any unreacted gases and do not form a part of the 
deposited ?lm. 

Using the disclosed method, deposition of titanium silicon 
oxide is typically carried out in the absence of plasma in a 
cold Wall CVD reactor. HoWever, the method may also be 
practiced in other types of environments or semiconductor 
processing chambers, including, for example, in a non 
plasma hot Wall CVD process, a plasma cold Wall or hot Wall 
CVD process, or in a radiant energy or rapid thermal CVD 
process. When carried out in the absence of plasma, the 
method offers the advantages of substantially eliminating the 
creation of high leakage damage centers in deposited dielec 
tric layers and of incorporating substantially no hydrogen 
into these deposited layers. 

Within the CVD reactor, titanium organometallic precur 
sor is mixed With reactive silane-based gas and gaseous 
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6 
oxidant to deposit a mixed phase titanium silicon oxide ?lm 
on a semiconductor substrate. A carrier gas is typically used 
to transport the titanium organometallic precursor into the 
reactor and to regulate the gas distribution above the sub 
strate surface so that the uniformity of the titanium silicon 
oxide ?lm deposition is controlled. The separate gases are 
typically introduced to the CVD reactor through separate 
inlets. HoWever, those skilled in the art Will recogniZe that 
one or more of the gases may be introduced as a mixture into 
the reactor. 
When using the method to form a ?lm of titanium silicon 

oxide for use in a high density semiconductor device, such 
as a DRAM, it is advantageous to produce a ?lm having a 
Ti/Si ratio that is as high as possible, Without sacri?cing 
reliability due to current leakage. It is also preferable to 
deposit a ?lm having a good step coverage. For a high 
density DRAM, typical values of dielectric constant and 
current leakage are from about 10 and about 10 nA/cm2 to 
about 300 and about 100 nA/cm2, advantageously about 20 
and about 50 nA/cm2, respectively. Step coverage is typi 
cally about 100% for structures having aspect ratios of about 
5:1. To achieve these parameters, the volumetric ratio of 
titanium organometallic precursor to reactive silane-based 
gas to gaseous oxidant is from about 1:300:600 to about 
15:10, and advantageously about 1:80:160. These ranges 
provide a respective Ti/Si ratio of from about 0.1 to about 
1.9, and advantageously, about 1. The corresponding dielec 
tric constants of ?lms deposited using these ?oW rate ranges 
are from about 10 to about 30, and advantageously, about 20. 

In one embodiment, carrier gas is used to control the gas 
distribution and uniformity of the ?lm deposited across the 
substrate surface, as Well as to transport the titanium orga 
nometallic precursor into the reactor. The total ?oW rate of 
carrier gas is typically from about 50 standard cubic centi 
meters per minute (sccm) to about 2000 sccm, usually about 
500 sccm. When carrier gas is used to vaporiZe and transport 
the organometallic precursor into the reactor, such as in a 
bubbler apparatus, the rate of carrier gas used to transport 
the organometallic precursor may be any rate suitable to 
achieve vaporiZation and transportation of the precursor, but 
is typically from about 20 sccm to about 400 sccm. When 
carrier gas is used to vaporiZe and transport the organome 
tallic precursor, the balance of the total desired carrier gas 
?oW rate is introduced separately into the reactor. The CVD 
reactor is typically operated under loW pressure chemical 
vapor deposition (LPCVD) conditions, With the reactor 
pressure being typically from about 150 mTorr to about 100 
Torr, advantageously about 1 Torr. The typical substrate 
temperature is from about 100° C. to about 600° C., most 
typically about 400° C. 
As an example, in a 6 liter CVD reactor the How rate of 

titanium organometallic precursor is typically from about 2 
sccm to about 50 sccm, the How rate of reactive silane-based 
gas is from about 50 sccm to about 2000 sccm, the How rate 
of gaseous oxidant is from about 200 sccm to about 4000 
sccm, and the total ?oW rate of carrier gas from about 50 
sccm to about 2000 sccm. Advantageously, the How rate of 
titanium organometallic precursor is about 5 sccm, With a 
reactive silane-based gas ?oW rate of about 400 sccm, a 
gaseous oxidant ?oW rate of about 800 sccm, and a total 
carrier gas ?oW rate of about 500 sccm. The temperature is 
about 400° C. and the pressure is about 1 Torr. Using these 
reaction parameters Will result in a titanium silicon oxide 
?lm that is uniformly deposited on a high aspectosemicon 
ductor substrate surface at a rate of from about 50 A to about 
100 A per minute and that has a dielectric constant of from 
about 10 to about 30. In this embodiment, a ?lm thickness 
of from about 15 A to about 500 A is typical, With a 
thickness of about 15 A being advantageous. 

FIG. 1 is a schematic process How diagram of one 
possible embodiment of the disclosed method for depositing 
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a titanium silicon oxide ?lm on a semiconductor substrate. 
In FIG. 1, a source 10 of titanium organometallic precursor, 
mixed With a suitable carrier gas 11 and including gas ?oW 
control valve 12 is connected through input line 14 to gas 
premixing chamber 16. Carrier gas is bubbled through 
titanium organometallic precursor 15 Within bubbler appa 
ratus 16. Carrier gas, at least partially saturated With tita 
nium organometallic precursor compound 15 is transported 
via line 17. Similarly, a source 18 of reactive silane-based 
gas is connected through gas ?oW control valve 20 and input 
line 22 to premixing chamber 16. A source of gaseous 
oxidant 13 is connected through a gas ?oW control valve 25 
and input line 19 to premixing chamber 16. A gas source 24 
of a suitable carrier gas is connected through gas ?oW 
control valve 26 and main carrier gas ?oW line 32 to 
premixing chamber 16. 

The above gases introduced into premixing chamber 16 
are thoroughly mixed Within premixing chamber 16 and then 
passed by Way of output line 34 through an associated 
shoWer head 36 into main CVD reaction chamber 38. In 
chamber 38, individual silicon Wafers 40 are mounted as 
shoWn on a graphite boat 42 Which is supported by post 
member 44 on a loWer Wall of CVD chamber 38. Graphite 
boat 42 is heated using convection heating by halogen lamp 
46 Which is controlled to elevate the temperature Within 
LPCVD chamber 38 to a desired temperature. 
As gases from sources 18, 10, 13, and 24 intermix inside 

CVD reaction chamber 38, they begin to react to thereby 
deposit a uniform ?lm of titanium silicon oxide upon heated 
surfaces of silicon Wafers 40. Deposition pressure Within 
CVD reaction chamber 38 is monitored and maintained by 
use of conventional pressure control components consisting 
of pressure sensor 48, pressure sWitch 50, air operating 
vacuum valve 52 and pressure control valve 54. Reaction 
by-product gases given off by the chemical reaction taking 
place in CVD reaction-chamber 38 pass through particulate 
?lter 56 and then through bloWer 58 before exhausting 
through output vent line 60. 

In FIG. 2, a semiconductor device 100 processed in 
accordance With the disclosed method is shoWn. As shoWn 
in FIG. 1, the semiconductor device 100 is a memory cell, 
in particular a DRAM cell, Which may be replicated thou 
sands of times to form a memory array (not shoWn). The 
device 100 includes a silicon substrate 105 (for example a 
p-type substrate) having ?eld oxide regions 110. Transistors 
160 may be formed in the active regions of the substrate 105 
through the use of a gate oxide 115 and a gate 120. The gate 
120 may be formed from polysilicon, a metal silicide, or a 
combination thereof. N-type active areas 135 are formed on 
either side of the transistor gate 120. An oxide 125 forms a 
protective insulator over the gate 120 and may also be 
utiliZed as a lightly doped drain (LDD) spacer oxide during 
the formation of the active areas 135. For the example 
shoWn, the gate 120 may be utiliZed as a DRAM Wordline. 
A DRAM storage node or memory cell 155 may be formed 
utiliZing a titanium silicon oxide layer disclosed herein for 
at least part of the capacitor dielectric 145. In particular, a 
bottom storage node conductor plate 140 (for example 
polysilicon) is formed and a conformal capacitor dielectric 
layer 145 is formed over the bottom plate 140. A top 
capacitor plate 150 (for example polysilicon) is then formed 
over the dielectric layer 145. The dielectric layer 145 may be 
formed entirely by a titanium silicon oxide layer, or 
alternatively, a combination of layers may be used including 
a titanium silicon oxide layer and other dielectric layers, 
such as silicon oxide or silicon oxide-silicon nitride. As Will 
be appreciated by those skilled in the art, although the 
methods and apparatus have been described herein in rela 
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tion to a memory cell and a capacitor oxide, other semicon 
ductor devices and/or structures for any number of uses may 
be possible, including for transistor gate oxides, other insu 
lator layers or barrier layers. 

While the compositions and methods of this invention 
have been described in terms of certain disclosed 
embodiments, it Will be apparent to those of skill in the art 
that variations may be applied to the compositions and 
methods described herein Without departing from the 
concept, spirit, and scope of the invention as de?ned by the 
appended claims. 
What is claimed is: 
1. A semiconductor device, comprising a semiconductor 

substrate having a substantially conformal layer of titanium 
silicon oxide deposited thereon, said layer of titanium sili 
con oxide being substantially free of chlorine related 
impurities, said layer having a ratio of silicon to titanium of 
from about 0.1 to about 1.9, said layer having a dielectric 
constant of from about 10 to about 30, and said layer having 
a thickness of from about 15 A to about 500 

2. The device of claim 1, Wherein the ratio of silicon to 
titanium present in the titanium silicon oxide layer is about 
1, and Wherein the dielectric constant of the titanium silicon 
oxide layer is about 20. 

3. The device of claim 1, Wherein the thickness of the 
titanium silicon oxide layer is about 15 

4. The device of claim 1, Wherein the device is a semi 
conductor memory device. 

5. The device of claim 4, Wherein the device is a DRAM. 
6. A semiconductor device, comprising: 
a semiconductor substrate; and 
a titanium silicon oxide dielectric ?lm being substantially 

free of chlorine related impurities, said ?lm having a 
ratio of silicon to titanium of from about 0.1 to about 
1.9, formed on the semiconductor substrate by expos 
ing the semiconductor substrate to gaseous titanium 
organometallic precursor, reactive silane-based gas, 
and gaseous oxidant under conditions effective to cause 
the gaseous titanium organometallic precursor, reactive 
silane-based gas and gaseous oxidant to combine and 
deposit a layer of titanium silicon oxide on the semi 
conductor substrate. 

7. A semiconductor device, comprising: 
a semiconductor substrate; and 
a titanium silicon oxide dielectric ?lm being substantially 

free of chlorine related impurities, said ?lm having a 
ratio of silicon to titanium of from about 0.1 to about 
1.9, formed on the semiconductor substrate by the steps 
of: 
a) positioning the semiconductor substrate Within a 

non-plasma cold Wall CVD reactor; 
b) maintaining the semiconductor substrate at a tem 

perature of from about 100° C. to about 500° C.; 
c) maintaining a pressure Within the reactor at from 

about 150 mTorr to about 100 Torr; and 
d) introducing gaseous reactants comprising gaseous 
TDMAT, silane, oxygen, and a carrier gas into the 
reactor, Wherein said TDMAT is introduced at a How 
rate of from about 2 sccm to about 50 sccm, said 
silane is introduced at a How rate of from about 100 
sccm to about 2000 sccm, said oxygen is introduced 
at a How rate of from about 200 sccm to about 4000 
sccm, and said carrier gas is introduced at a total ?oW 
rate of from about 50 sccm to about 2000 sccm. 


